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Calculation of PM Profiles

30 DQG#30 DLU#TXDOLW\#SURILOH#GDWDEDVHV#ZHUH43# 518#
FRPSLOHG#IRU#DOO#VLPXODWLRQV#SHUIRUPHG#DV#SDUW#RI#WKH
6HFWLRQ# ;45# SURVSHFWLYH# DQDO\VLV1# #)RU# HDFK# RI# WKH
SDUWLFXODWH# VSHFLHV/# WKHVH# GDWD# EDVHV# FRQWDLQHG# WKH
QXPEHU/#WKH#DULWKPHWLF#PHDQ/#WKH#PHGLDQ/#WKH#DQQXDO
VHFRQG# KLJKHVW/# DQG# WKH# 518# WR# <:18# SHUFHQWLOHV# +LQ
LQFUHPHQWV# RI# ILYH,# RI# WKH# GDLO\# +DV# DYDLODEOH,
FRQFHQWUDWLRQV1# # 7KH# SURILOHV# DUH# UHSRUWHG# DW# WKH
PRQLWRU#OHYHO#DQG#LQFOXGH#537;#VLWH#ORFDWLRQV1

7KH#KLVWRJUDPV#LQ#)LJXUHV#&054D#WKURXJK#&057E
LOOXVWUDWH# WKH# GLVWULEXWLRQ# RI# UDWLRV# IRU# WKH# DQQXDO
DYHUDJH#PRQLWRU0OHYHO#30 #DQG#30 #FRQFHQWUDWLRQV43 518
FRUUHVSRQGLQJ#WR#WKH#5333#DQG#5343#VLPXODWLRQV1##,Q
WKHVH#ILJXUHV/#UDWLRV#JUHDWHU#WKDQ#RQH#LQGLFDWH#WKDW#WKH
IXWXUH0\HDU2VFHQDULR#FRQFHQWUDWLRQ#LV#JUHDWHU#WKDQ#WKH
EDVH0\HDU# +4<<3,#YDOXH/#ZKHUHDV#UDWLRV# OHVV#WKDQ#RQH
LQGLFDWH#D#ORZHU#YDOXH#IRU#WKH#IXWXUH0\HDU1

7KH#5333#3UH0&$$$#UDWLRV#IRU#30 #+)LJXUH#&043
54D,# LQGLFDWH# WKDW# WKH# DQQXDO# DYHUDJH# 3043
FRQFHQWUDWLRQV# FRUUHVSRQGLQJ# WR# WKLV# VFHQDULR# DUH
KLJKHU#LQ#VRPH#DUHDV#DQG#ORZHU#LQ#RWKHU#DUHDV#WKDQ#WKH
EDVH0\HDU# +4<<3,#YDOXHV1# #7KH# UDWLRV#JHQHUDOO\# UDQJH
IURP#DSSUR[LPDWHO\#31<8#WR#414/#EXW#DOVR#LQFOXGH#VRPH
KLJKHU#YDOXHV1##,Q#FRQWUDVW/#WKH#UDWLRV#FRUUHVSRQGLQJ#WR
WKH#5333#3RVW0&$$$#VLPXODWLRQ#+)LJXUH#&054E,#DUH
JHQHUDOO\# OHVV# WKDQ#RU#HTXDO# WR#RQH/#ZLWK#PRVW#VLWHV
EHLQJ#DVVLJQHG#D#UDWLR#FRQVLVWHQW#ZLWK#D#VPDOO#GHFUHDVH
LQ#DQQXDO#DYHUDJH#30 #FRQFHQWUDWLRQ1##7KHUH#DUH#DOVR43
VRPH#ORZHU#YDOXHV1

)LJXUH#&055D#DQG#&055E#GLVSOD\#WKH#GLVWULEXWLRQ#RI
UDWLRV#RI#WKH#IXWXUH0\HDU0VFHQDULR#WR#EDVH0\HDU#DQQXDO
DYHUDJH#30 #FRQFHQWUDWLRQV#IRU#53431##&RPSDUHG#WR43
WKH#KLVWRJUDP#SORWV#IRU#5333/#WKH#UDWLRV#DUH#KLJKHU#IRU
WKH# 3UH0&$$$# VFHQDULR# EXW# VLPLODU# IRU# WKH# 3RVW0
&$$$# VFHQDULR1# #7KHUH# LV#VRPH# LQGLFDWLRQ# WKDW/#E\
5343/# LQFUHDVHV# GXH# WR# JURZWK# DUH# OLPLWLQJ# WKH
HIIHFWLYHQHVV#RI#WKH#&$$$#PHDVXUHV1

7KH#5333#3UH0&$$$#UDWLRV#IRU#30 #+)LJXUH#&0518
56D,# LQGLFDWH# WKDW# WKH# DQQXDO# DYHUDJH# 30518
FRQFHQWUDWLRQV# FRUUHVSRQGLQJ# WR# WKLV# VFHQDULR# DUH

JHQHUDOO\# KLJKHU# WKDQ# +RU# HTXDO# WR# ,# WKH# EDVH0\HDU
+4<<3,# YDOXHV1# # 7KH# UDWLRV# JHQHUDOO\# UDQJH# IURP
DSSUR[LPDWHO\#31<:8#WR#41481##,Q#FRQWUDVW/#WKH#UDWLRV
FRUUHVSRQGLQJ# WR# WKH# 5333# 3RVW0&$$$# VLPXODWLRQ
+)LJXUH#&056E,#DUH#JHQHUDOO\# OHVV# WKDQ#RQH1# # ,Q# WKLV
FDVH/# WKH# UDWLRV# UDQJH# IURP# DSSUR[LPDWHO\# 31<58# WR
413:81##

)RU#5343/#WKH#30 #UDWLRV#+)LJXUHV#&057D#DQG#&0518#
57E,/# LQGLFDWH# LQFUHDVHV# IRU# WKH#3UH0&$$$#VFHQDULR
DQG#PRVWO\#GHFUHDVHV# IRU# WKH#3RVW0&$$$# VFHQDULR1
$JDLQ/#FRPSDUHG#WR#5333/#FRQFHQWUDWLRQV#IRU#5343#DUH
KLJKHU#UHODWLYH#WR#WKH#EDVH#\HDU#XQGHU#WKH#3UH0&$$$
VFHQDULR#DQG#VLPLODU#WR#RU#VOLJKWO\#ORZHU#UHODWLYH#WR#WKH
EDVH#\HDU#XQGHU#WKH#3RVW0&$$$#VFHQDULR1

)RU#ERWK#IXWXUH#\HDUV#+5333#DQG#5343,/#WKH#UDWLRV
LQGLFDWH#WKDW#WKH#3RVW0&$$$#FRQFHQWUDWLRQV#+DQQXDO
DYHUDJH,#DUH#ORZHU#WKDQ#WKH#FRUUHVSRQGLQJ#3UH0&$$$
YDOXHV1##7KLV#LV#LOOXVWUDWHG#LQ#)LJXUHV#&058D#WKURXJK##&0
59E1# # 7KH# VPDOOHU# UDWLRV# IRU# 5343# UHIOHFW# ODUJHU
GLIIHUHQFHV# EHWZHHQ# WKH# 3UH0# DQG# 3RVW0&$$$
VFHQDULRV1



The Benefits and Costs of the Clean Air Act, 1990 to 2010

C-54

Figure C-14
80-km RADM Domain

Note:  Nested 20-km grid estimates were not used to generate final results, but were used in evaluating
the reasonableness of results.



Figure C-15.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: spring 1990

Figure C-16.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: summer 1990

Figure C-17.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: fall 1990

Figure C-18.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: winter 1990
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Figure C-19.  Difference in seasonal average PM10 concentration (ug/m3)
for the summer REMSAD simulation period (1-10 July 1990) for 2010:
post-CAAA90 minus pre-CAAA90
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Figure C-20.  Difference in seasonal average PM25 concentration
(ug/m3) for the summer REMSAD simulation period (1-10 July 1990) for
2010: post-CAAA90 minus pre-CAAA90
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Figure C-21b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2000 Post-CAAA / 1990 Base-Year
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Figure C-21a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2000 Pre-CAAA / 1990 Base-Year 
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Figure C-22a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2010 Pre-C AAA / 1990 B ase-Year
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Figure C-22b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2010 Post-C AAA / 1 990 Base-Year
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Figure C-23a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2000 Pre-CAAA / 1990 Base-Year
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Figure C-23b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2000 Post-CAAA / 1990 Base-Year
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Figure C-24a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2010 Pre-CAAA / 1990 Base-Year
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Figure C-24b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2010 Post-CAAA / 1990 Base-Year
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Figure C-25a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2000 Post-CAAA / 2000 Pre-CAAA
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Figure C-25b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2010 Post-CAAA / 2010 Pre-CAAA
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Figure C-26b. Description of Combined RADM/RPM- and REMSAD-
Derived Monitor-Level Ratios for Annual Average PM 2.5 

Concentration: 2010 Post-CAAA / 2010 Pre-CAAA
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Figure C-26a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2000 Post-CAAA / 2000 Pre-CAAA
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Estimating the Effects of the
CAAA on Visib ility

/LJKW# WUDYHOLQJ# WKURXJK# WKH# DWPRVSKHUH# LV
%DEVRUEHG%#DQG#%VFDWWHUHG%#E\#JDVHV#DQG#VXVSHQGHG
SDUWLFOHV1# #7KHVH#GLVWRUWLRQ#SURFHVVHV# FRQWULEXWH# WR
WRWDO# DWPRVSKHULF# OLJKW# H[WLQFWLRQ# ZKLFK/# LQ# WXUQ/
FDXVHV# YLVLELOLW\# GHJUDGDWLRQ1# # 7R# FKDUDFWHUL]H# DQG
XOWLPDWHO\#TXDQWLI\#WKH#HIIHFW#RI#FKDQJHV#LQ#HPLVVLRQV
RQ#YLVLELOLW\/#DQ#XQGHUVWDQGLQJ#RI#WKH#FRQFHQWUDWLRQV
DQG#W\SHV#RI#JDVHRXV#SDUWLFXODWH#FRQVWLWXHQWV#LQ#WKH#DLU
LV#QHFHVVDU\1

7KH# LQIOXHQFH# RI# JDVHRXV# DEVRUSWLRQ# RQ# OLJKW
H[WLQFWLRQ#LV#DOPRVW#QHJOLJLEOH1##*DVHRXV#VFDWWHULQJ#KDV
D#ODUJHU#LPSDFW/#DOWKRXJK#WKLV#LPSDFW#LV#JHQHUDOO\#QRW#DV
VLJQLILFDQW# DV# HLWKHU# SDUWLFXODWH# DEVRUSWLRQ# RU
VFDWWHULQJ1##7RJHWKHU#WKH##LQIOXHQFH#RI#DOO#IRXU#RI#WKHVH
OLJKW#GLVWRUWLRQ#SURFHVVHV#LV#H[SUHVVHG#TXDQWLWDWLYHO\#DV
WKH# OLJKW#H[WLQFWLRQ#FRHIILFLHQW/#E 1# #,Q#WKLV#DQDO\VLVH[W
5$'02530# DQG# 5(06$'# DUH# ERWK# XVHG# WR
FDOFXODWH#E 1H[W

RADM/RPM and Visibility

5$'02530#HVWLPDWHV#E # LQ#WKH#HDVWHUQ#8161/H[W
IRU#HDFK#HPLVVLRQV#VFHQDULR#+4<<3#EDVH#\HDU/#5333#3UH0
&$$$/#5333#3RVW0&$$$/#5343#3UH0&$$$/#DQG#5343
3RVW0&$$$,/#E\#FRPELQLQJ#WKH#LQIOXHQFHV#RI#SDUWLFOH
VFDWWHULQJ#DQG#DEVRUSWLRQ#DQG#LQFRUSRUDWLQJ#WKH#HIIHFW
RI# VFDWWHULQJ# FDXVHG# E\# ZDWHU1# # 7KH# ILQH# SDUWLFOHV
HVWLPDWHG#E\#5$'02530#+LQFOXGLQJ#WKHLU#DVVRFLDWHG
ZDWHU,# DUH# VHFRQGDU\# SDUWLFXODWHV=# VXOIDWHV/# QLWUDWHV/
DVVRFLDWHG#DPPRQLXP/#DQG#RUJDQLFV1##$EVRUSWLRQ#E\
FDUERQ# SDUWLFOHV# LV# QRW# LQFOXGHG# LQ# WKH# PRGHO*V
FDOFXODWLRQV/#QRU#LV#H[WLQFWLRQ#UHVXOWLQJ#IURP#SULPDU\
SDUWLFOHV1# #%\# QRW# LQFOXGLQJ# WKHVH# ODWWHU# LQIOXHQFHV/
5$'02530#PD\#XQGHUHVWLPDWH# WKH# HIIHFWV#RI# DLU
SROOXWLRQ#RQ#YLVLELOLW\1

5$'02530/#DORQJ#ZLWK#JHQHUDWLQJ#DWPRVSKHULF
OLJKW#H[WLQFWLRQ#YDOXHV/#FDOFXODWHV#%YLVXDO#UDQJH%#DQG
GHFLYLHZ#+G9,/#ERWK#PHDVXUHV#WKDW#TXDQWLI\#YLVLELOLW\1
7KH# IRUPHU/# 95/# LV# UHODWHG# WR# WKH# OLJKW# H[WLQFWLRQ
FRHIILFLHQW#E\#WKH#IROORZLQJ#HTXDWLRQ=

95+PHWHUV,## ##61<452E #/#H[W

ZKHUH#E #LV#LQ#LQYHUVH#PHWHUV1##7KH#ODWWHU#PHDVXUH#RIH[W
YLVLELOLW\/#G9/#DQG#WKH#UHODWHG#'HFL9LHZ#+D]H#,QGH[
DUH# LPSURYHG# LQGLFDWRUV# RI# WKH# FODULW\# RI# WKH
DWPRVSKHUH1##7KLV#LQGH[#PRUH#DFFXUDWHO\#FDSWXUHV#WKH
UHODWLRQVKLS# EHWZHHQ# DLU# SROOXWLRQ# DQG# KXPDQ*V
SHUFHSWLRQ#RI#YLVLELOLW\#WKDQ#GRHV#95#RU#E #+3LWFKIRUGH[W
DQG# 0DOP/# 4<<7,1# # $# GHFLYLHZ# LV# GHILQHG# E\# WKH
HTXDWLRQ=

G9## #43OQ#+E 243,#/H[W

ZKHUH#E #LV#H[SUHVVHG#LQ#LQYHUVH#PHJDPHWHUV1##H[W

7KH# 'HFL9LHZ# +D]H# ,QGH[# KDV# D# YDOXH# RI
DSSUR[LPDWHO\# ]HUR# ZKHQ# WKH# OLJKW# H[WLQFWLRQ
FRHIILFLHQW# LV# HTXDO# WR# WKH# VFDWWHULQJ# FRHIILFLHQW# IRU
SDUWLFOH0IUHH#DLU1##$#URXJKO\#43#SHUFHQW#LQFUHDVH#LQ##EH[W
WUDQVODWHV# WR# D# RQH# XQLW# FKDQJH# LQ# G91# # 6LQFH# WKH
DSSDUHQW# FKDQJH# LQ#YLVLELOLW\# LV# UHODWHG# WR# D#SHUFHQW
FKDQJH# LQ#E /# HTXDO# FKDQJHV# LQ# G9# FRUUHVSRQG# WRH[W
DSSUR[LPDWHO\#HTXDOO\#SHUFHSWLEOH#FKDQJHV#LQ#YLVLELOLW\1
5HVHDUFK# LQGLFDWHV# WKDW/# IRU#PRVW#REVHUYHUV/#D#´MXVW
QRWLFHDEOH# FKDQJHµ# LQ# YLVLELOLW\# FRUUHVSRQGV# WR# DQ
LQFUHDVH#RU#GHFUHDVH#RI#DERXW#RQH#WR#WZR#G9#XQLWV1
$Q# LQFUHDVH# LQ# WKH# GHFLYLHZ# OHYHO# WUDQVODWHV# WR
GHJUDGDWLRQ#RI#YLVLELOLW\/#ZKLOH#D#GHFUHDVH#UHSUHVHQWV
DQG#LPSURYHPHQW1##

RADM/RPM Modeling Results

)RU# WKLV#DQDO\VLV/#XQGHU#WKH#4<<3#EDVH#\HDU#DQG
IXWXUH# \HDU# HPLVVLRQV# VFHQDULRV/# WKH# DQQXDO# PHDQ
GD\OLJKW#KRXU#E /#95/#DQG#G9#ZHUH#HVWLPDWHG#IRU#HDFKH[W
5$'02530#JULG#FHOO1##$#VXPPDU\#RI#4<<3#DQG#5343
GHFLYLHZ#OHYHOV#IRU#VHOHFWHG#FLWLHV/#PHWURSROLWDQ#DUHDV/
DQG#QDWLRQDO#SDUNV#LV#SURYLGHG#LQ#7DEOH#&0461##7KHVH
GHFLYLHZ#HVWLPDWHV#VKRZ# WKDW#XQGHU# WKH#3UH0&$$$
VFHQDULR#YLVLELOLW\#GHJUDGDWLRQ#LV#H[SHFWHG#WKURXJKRXW
PXFK#RI#WKH#HDVWHUQ#8161##&RPSDULVRQ#RI#4<<3#EDVH
\HDU# DQG# 5343# 3RVW0&$$$# HVWLPDWHV/# KRZHYHU/
LQGLFDWHV# WKDW# ZLWK# WKH# LPSOHPHQWDWLRQ# RI# &$$$
UHODWHG# PHDVXUHV/# D# SHUFHSWLEOH# LPSURYHPHQW# LQ
YLVLELOLW\#FDQ#EH#H[SHFWHG1
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Table C-13
Comparison of Visibility in Selected Eastern Cities, Metropolitan Areas, and
National Parks

Mean Annual Deciview

Area Name State Base Year Pre-CAAA Post-CAAA
1990 2010 2010 

Acadia NP ME 11.1 12.0 10.4

Atlanta Metro Area GA 20.9 22.8 20.0

Boston Metro Area MA 13.2 14.0 11.9

Chicago Metro Area IL 17.5 19.1 17.0

Columbus OH 16.5 17.7 15.1

Detroit Metro Area MI 16.0 18.5 15.3

Everglades NP FL 7.6 9.2 6.9

Great Smoky Mtns. NP TN 20.4 22.3 19.6

Indianapolis IN 20.1 21.1 19.0

Little Rock AR 15.0 17.2 15.1

Milwaukee Metro Area WI 15.6 18.4 15.3

Minn.-St. Paul Metro Area MN 10.1 12.4 10.3

Nashville TN 20.4 21.5 19.0

New York City Metro Area NY/NJ 15.2 18.0 13.9

Pittsburgh Metro Area PA 15.8 16.9 14.2

St. Louis Metro Area MO 16.5 17.8 16.0

Shenandoah NP VA 16.5 17.8 15.2

Syracuse NY 12.4 13.2 11.5

Washington, DC Metro Area DC/VA/MD 17.5 19.2 16.3

*For cities, metro areas, or national parks not contained by a single RADM/RPM grid cell, the visibility measure
presented in this table is a weighted average of the mean annual deciview level from each of the grid cells that
together completely contain the selected area.  Weighting is based upon the spatial distribution of an area over the
various grid cells.
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REMSAD and Visibility

5(06$'# ZDV# XVHG# WR# HVWLPDWH# WKH# HIIHFW# RI
FKDQJHV#LQ#HPLVVLRQV#RQ#YLVLELOLW\#IRU#WKH#ZHVWHUQ#8161
7KLV# PRGHO# FDOFXODWHV# OLJKW# H[WLQFWLRQ# FRHIILFLHQWV
EDVHG# XSRQ# HVWLPDWHV# RI# WKH# JULGGHG# JURXQG0OHYHO
FRQFHQWUDWLRQV# RI# WKH# IROORZLQJ# VSHFLHV# ²# VXOIDWH
+1+76.*627.$627,/# QLWUDWH# +1+71.3126,/
125/#62$/#32$/#3(&/#30ILQH#DQG#30FRDUVH#+UHIHU
WR# 7DEOH# &0;# IRU# D# GHVFULSWLRQ# RI# WKHVH# VSHFLHV
DEEUHYLDWLRQV,1##7KH#FRQWULEXWLRQ#IURP#HDFK#RI#WKHVH
VSHFLHV#LV#DGMXVWHG#EDVHG#RQ#WKH#H[WLQFWLRQ#HIILFLHQF\
RI#HDFK#DQG/#LQ#WKH#FDVH#RI#VXOIDWH/#QLWUDWH#DQG#62$/#DQ
DGMXVWPHQW#GHSHQGHQW#RQ#WKH#UHODWLYH#KXPLGLW\1##7KH
WRWDO#H[WLQFWLRQ#FRHIILFLHQW#LV#WKHQ#JLYHQ#E\=

E # #431.#314:-125#.#I +5+,-VXOIDWH#.#I +5+,-1LWUDWHH[W VR7 QR6
.#I +5+,-62$#.915-32$#.#4318-3(&#.#30),1(#.VRD
319-30&2$56(

ZKHUH#WKH#FRQVWDQW#YDOXH#RI#4313#LV#WKH#FRQWULEXWLRQ#WR
WKH#VFDWWHULQJ#FRHIILFLHQW#IRU#SDUWLFOH0IUHH#DLU#+5D\OHLJK
VFDWWHULQJ,1##5(06$'#JHQHUDWHG#E #YDOXHV#DUH#WKHQH[W
FRQYHUWHG#WR#GHFLYLHZV1

REMSAD Modeling Results

9LVLELOLW\#HVWLPDWHV#DQG#FKDQJH#LQ#YLVLELOLW\#ZHUH
FDOFXODWHG#IRU#HDFK#RI#WKH#IXWXUH0\HDU#VFHQDULRV#IRU#XVH
LQ# WKH#HIIHFWV#DQDO\VLV1# #)LJXUH#&05:# LOOXVWUDWHV# 4<<3
EDVH#\HDU#GHFLYLHZ# OHYHOV#IRU#WKH#ZHVWHUQ#8161# #7KLV
PDS#VKRZV# WKDW#YLVLELOLW\# LV#SRRUHU# LQ# WKH#UHJLRQ#RI
&DOLIRUQLD#H[WHQGLQJ#IURP#6DQ#)UDQFLVFR#VRXWKZDUG#WR
/RV# $QJHOHV/# WKH# 3DFLILF# 1RUWKZHVW/# DQG# ODUJHU
PHWURSROLWDQ#DUHDV#VXFK#DV#'HQYHU/#&2>#$OEXTXHUTXH/
10># DQG# 3KRHQL[/# $=1# # 0RVW# QRWLFHDEOH# LV# WKH
FRPSDUDWLYHO\#KLJK#GHFLYLHZ#OHYHO#LQ#WKH#/RV#$QJHOHV
UHJLRQ1

)LJXUHV#&05;# DQG#&05<# LOOXVWUDWH# WKH#GLIIHUHQFH
EHWZHHQ# 5343# 3UH0&$$$# DQG# 4<<3# EDVH# \HDU
HVWLPDWHV# DQG# WKH# GLIIHUHQFH# EHWZHHQ# 5343# 3RVW0
&$$$# DQG# 4<<3# EDVH# \HDU# HVWLPDWHV/# UHVSHFWLYHO\1
7KH# ILUVW#RI# WKHVH#PDSV# VKRZV# WKDW#XQGHU# WKH#3UH0

&$$$# VFHQDULR# YLVLELOLW\# LV# H[SHFWHG# WR# UHPDLQ
XQFKDQJHG#EHWZHHQ#4<<3#DQG#5343#WKURXJKRXW#PXFK
RI#WKH#:HVW#DQG#DFWXDOO\#LPSURYH#LQ#FRDVWDO#2UHJRQ
DQG#DORQJ# WKH#ZHVWHUQ# ,GDKR#ERUGHU1# # ,Q# WKH# ODUJHU
XUEDQ# DUHDV/# KRZHYHU/# SHUFHSWLEOH# YLVLELOLW\
GHJUDGDWLRQ# LV#SUHGLFWHG1# #9LVLELOLW\# LPSURYHPHQW# LQ
DQG#DURXQG#ZHVWHUQ#FLWLHV/#HVSHFLDOO\#LQ#&DOLIRUQLD/#LV
SUHGLFWHG#XQGHU#WKH#3RVW0&$$$#VFHQDULR1##)LJXUH#&0
5<# FDSWXUHV# WKHVH# FKDQJHV# DQG# VKRZV# WKDW# LQ# 5343
LPSURYHPHQWV# LQ# YLVLELOLW\# DUH# QRW# H[SHFWHG# WR# EH
UHVWULFWHG#WR#MXVW#WKH#ODUJHU#XUEDQ#DUHDV>#FRPSDUHG#WR
4<<3#EDVH#\HDU#HVWLPDWHV/#3RVW0&$$$#GHFLYLHZ#OHYHOV
DUH#DOVR#SUHGLFWHG# WR#EH# ORZHU# WKURXJKRXW#PXFK#RI
:DVKLQJWRQ/#2UHJRQ/# # DQG#1HYDGD# DQG# LQ# VL]HDEOH
VHFWLRQV#RI#$UL]RQD/#,GDKR/#8WDK/#DQG#:\RPLQJ1



Figure C-27.  Seasonal Average Deciview for the summer REMSAD
simulation period (1-10 July 1990): base 1990 (western U.S. only)
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Figure C-28.  Difference in seasonal average Deciview for the summer REMSAD
simulation period (1-10 July 1990): 2010 pre-CAAA90 minus base 1990 (western
United States only)
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Acid Deposition

7KH# DFLG# GHSRVLWLRQ#PRGHOLQJ# HIIRUWV# IRU# WKLV
DQDO\VLV#IRFXVHG#RQ#HVWLPDWLQJ#WKH#FKDQJH#LQ#DPELHQW
FRQFHQWUDWLRQV# RI# VHOHFWHG#SROOXWDQWV# DV# D# UHVXOW#RI
FKDQJHV#LQ#HPLVVLRQV1##7KH#QHHG#WR#IRFXV#RQ#UHODWLYH
FKDQJHV/#UDWKHU#WKDQ#DEVROXWH#SUHGLFWLRQV/#LV#HVSHFLDOO\
DFXWH# ZKHQ# HVWLPDWLQJ# DLU# TXDOLW\# RXWFRPHV# IRU
SROOXWDQWV#VXEMHFW# WR# ORQJ0UDQJH# WUDQVSRUW/#FKHPLFDO
WUDQVIRUPDWLRQ/# DQG# DWPRVSKHULF# GHSRVLWLRQ1# # 7KH
FRPSOH[LW\#RI#WKH#UHODWLRQVKLSV#EHWZHHQ#HPLVVLRQV/#DLU
FRQFHQWUDWLRQV/#DQG#GHSRVLWLRQ#LV#ZHOO0GHVFULEHG#LQ#WKH
IROORZLQJ# SDUDJUDSK# IURP# WKH# 5$'0# UHSRUW
GRFXPHQW#GHYHORSHG#E\#5RELQ#'HQQLV#RI#8161#(3$*V
1DWLRQDO#([SRVXUH#5HVHDUFK#/DERUDWRU\=

%6XOIXU/# QLWURJHQ/# DQG# R[LGDQW# VSHFLHV# LQ# WKH
DWPRVSKHUH#FDQ#EH#WUDQVSRUWHG#KXQGUHGV#WR#WKRXVDQGV
RI# NLORPHWHUV# E\# PHWHRURORJLFDO# IRUFHV1# # 'XULQJ
WUDQVSRUW# WKH# SULPDU\# HPLVVLRQV/# 62 /#12 /# DQG5 [
YRODWLOH#RUJDQLF#FRPSRXQGV#+92&,#DUH#R[LGL]HG#LQ
WKH# DLU# RU# LQ# FORXG0ZDWHU# WR# IRUP# QHZ/# VHFRQGDU\
FRPSRXQGV/#ZKLFK#DUH#DFLGLF/#SDUWLFXODUO\#VXOIDWH#DQG
QLWULF# DFLG/# RU# ZKLFK# DGG# WR# RU# VXEWUDFW# IURP# WKH
DPELHQW# OHYHOV# RI# R[LGDQWV/# VXFK# DV# R]RQH1# # 7KH
R[LGL]HUV/# VXFK# DV# WKH# K\GUR[\O# UDGLFDO/# K\GURJHQ
SHUR[LGH# DQG# R]RQH# DUH# SURGXFHG# E\# UHDFWLRQV# RI
92&#DQG#12 1##7KH#VXOIXU#DQG#QLWURJHQ#SROOXWDQWV[
DUH#GHSRVLWHG# WR# WKH#HDUWK# WKURXJK#HLWKHU#ZHW#RU#GU\
GHSRVLWLRQ#FUHDWLQJ#D#ORDG#RI#SROOXWDQWV#WR#WKH#HDUWK*V
VXUIDFH111##+RZHYHU/#WKH#DWPRVSKHUH#LV#SDUWO\#FOHDQVHG
RI#R[LGDQWV# WKURXJK#D#QXPEHU#RI#SK\VLFDO#SURFHVVHV
LQFOXGLQJ#GHSRVLWLRQ#+H1J1/#R]RQH#LV#UHPRYHG#E\#ZHW#DQG
GU\#GHSRVLWLRQ,1##'U\#GHSRVLWLRQ#RFFXUV#ZKHQ#SDUWLFOHV
VHWWOH#RXW#RI#WKH#DLU#RQWR#WKH#HDUWK#RU#ZKHQ#JDVHRXV#RU
ILQH#SDUWLFOH# VSHFLHV#GLUHFWO\# LPSDFW# ODQG/#SODQWV/# RU
ZDWHU#RU#ZKHQ#SODQW#VWRPDWD#WDNH#XS#JDVHRXV#VSHFLHV/
VXFK# DV# 62 1# # ,Q# ZHW# GHSRVLWLRQ/# SROOXWDQWV# DUH5
UHPRYHG#IURP#WKH#DWPRVSKHUH#E\#HLWKHU#UDLQ#RU#VQRZ1
,Q#DGGLWLRQ/#ILQH#SDUWLFOHV#RU#VHFRQGDU\#DHURVROV#IRUPHG
E\# WKH# JDV0# DQG# DTXHRXV0SKDVH# WUDQVIRUPDWLRQ
SURFHVVHV# VFDWWHU# RU# DEVRUE# YLVLEOH# OLJKW# DQG# WKXV
FRQWULEXWH#WR#LPSDLUPHQW#RI#YLVLELOLW\1%43

7KH# FRPSOH[LW\# DQG# QRQOLQHDULW\# RI# WKH
UHODWLRQVKLSV# EHWZHHQ# ORFDOL]HG# HPLVVLRQV# RI
SUHFXUVRUV/#VXFK#DV#62 #DQG#92&V/#DQG#VXEVHTXHQW5
UHJLRQDO#VFDOH#DLU#TXDOLW\#DQG#GHSRVLWLRQ#HIIHFWV#DUH#VR
VXEVWDQWLDO# WKDW# DGYDQFHG#PRGHOLQJ# LV# UHTXLUHG# WR
DFFXUDWHO\#HVWLPDWH#WKH#EURDG0VFDOH#LPSDFW#RI#FKDQJHV
LQ# HPLVVLRQV#RQ#DFLG#GHSRVLWLRQ1# #)RU# WKLV#DQDO\VLV/
(3$# XVHG# WKH# 5HJLRQDO# $FLG# 'HSRVLWLRQ# 0RGHO
+5$'0,# WR#HVWLPDWH#DFLG#GHSRVLWLRQ# LQ# WKH#HDVWHUQ
8QLWHG#6WDWHV1#

Overview of the RADM Modeling
System

5$'0/#D#WKUHH0GLPHQVLRQDO#(XOHULDQ#JULG0EDVHG
PRGHO#DOVR#XVHG#LQ#WKH#30#DQDO\VLV/#HVWLPDWHG#QLWURJHQ
DQG#VXOIXU#GHSRVLWLRQ#IRU#WKH#4<<3#EDVH#\HDU#DQG#HDFK
RI# WKH# IXWXUH# \HDU# HPLVVLRQV# VFHQDULRV1# #(VWLPDWHV/
H[SUHVVHG# LQ#NJ2KD/# #ZHUH#GHYHORSHG# IRU# 5333# DQG
5343#DQG#FDOFXODWHG#IRU#HDFK#;30NP#5$'0#JULG#FHOO1
,W# LV# LPSRUWDQW# WR# QRWH/# KRZHYHU/# WKDW# DPPRQLD
GHSRVLWLRQ/#D#VLJQLILFDQW#FRQWULEXWRU#WR#WRWDO#QLWURJHQ
GHSRVLWLRQ/#ZDV#KHOG#FRQVWDQW#IRU#HDFK#RI#WKH#PRGHO
UXQV1##7KLV#ZDV#EHFDXVH#OLYHVWRFN#IDUPLQJ#DQG#RWKHU
DFWLYLWLHV# WKDW# GULYH# DPPRQLD# IRUPDWLRQ# DQG
GHSRVLWLRQ#ZHUH#HVVHQWLDOO\#XQDIIHFWHG#E\#WKH#&$$$0
UHODWHG#FRQWURO#SURJUDPV1##$#PRUH#GHWDLOHG#GHVFULSWLRQ
RI# 5$'0/# LWV# GRPDLQ/# DQG# LWV# LQSXWV# LV# SURYLGHG
HDUOLHU#LQ#WKLV#DSSHQGL[11

RADM Modeling Results

)LJXUHV#&063#DQG#&064#VKRZ#WKH#4<<3#EDVH0\HDU
GHSRVLWLRQ# HVWLPDWHV# IRU# VXOIXU# DQG# QLWURJHQ
UHVSHFWLYHO\1##3UHGLFWLRQV#IRU#ERWK#SROOXWDQWV#XQGHU#WKH
3UH0# DQG# 3RVW0&$$$# VFHQDULRV# DUH# GLVSOD\HG# LQ
)LJXUHV#&065#WKURXJK#&0681##&RPSDULVRQ#RI#WKH#WKUHH
PDSV#VKRZLQJ#VXOIXU#GHSRVLWLRQ#DQG#FRPSDULVRQ#RI
WKH#WKUHH#PDSV#VKRZLQJ#QLWURJHQ#GHSRVLWLRQ#UHYHDOV
WKDW#IRU#ERWK#SROOXWDQWV#DQQXDO#GHSRVLWLRQ#XQGHU#WKH
3UH0&$$$#VFHQDULR#LV#H[SHFWHG#WR#LQFUHDVH#EHWZHHQ
4<<3#DQG# 53431# #<HDU# 5343#3RVW0&$$$#VXOIXU#DQG
QLWURJHQ#GHSRVLWLRQ#SURMHFWLRQV/#KRZHYHU/#DUH#QRW#RQO\
ORZHU# WKDQ# 5343# 3UH0&$$$# SURMHFWLRQV/# EXW# DOVR
EHORZ#4<<3#EDVH#\HDU# OHYHOV1# #7RJHWKHU/#WKHVH#PDSV
LQGLFDWH#WKDW#EHWZHHQ#4<<3#DQG#5343#DYHUDJH#DQQXDO

#'HQQLV/#51#5$'0#5HSRUW#+4<<8,/#S1#4143



The Benefits and Costs of the Clean Air Act, 1990 to 2010

C-70

DFLG#GHSRVLWLRQ#LV#H[SHFWHG#WR#GHFUHDVH#DV#D#UHVXOW#RI
WKH#&OHDQ#$LU#$FW#$PHQGPHQWV1

1RWLFHDEOH#LQ#HDFK#RI#WKH#ILJXUHV/#HVSHFLDOO\#WKRVH
PDSSLQJ#QLWURJHQ/#LV#DQ#DUHD#RI#KLJK#GHSRVLWLRQ#DORQJ
WKH#9LUJLQLD01RUWK#&DUROLQD#ERUGHU1##7KLV#%KRW#VSRW%
LV#DERYH#3HUVRQ#&RXQW\/#1&/#D#UHJLRQ#ZLWK#RQH#ODUJH
DQG#RQH# YHU\# ODUJH# XWLOLW\#SODQW1 # #(PLVVLRQV# IURP44

WKHVH#SODQWV/#SDUWLFXODUO\#12 /#OLNHO\#DUH#WKH#VRXUFH#RI[
WKH# KLJK# GHSRVLWLRQ# LQ# WKLV# DUHD1# # 3HUVRQ# &RXQW\
H[KLELWV#WKH#KLJKHVW#EDVH#\HDU#DQG#IXWXUH#\HDU#3UH0#DQG
3RVW0&$$$# DFLG#GHSRVLWLRQ# HVWLPDWHV# LQ# WKH# HQWLUH
5$'0#GRPDLQ1

&RPSDULVRQ# RI# 5343# 3UH0# DQG# 3RVW0&$$$
HPLVVLRQV# LQ# 3HUVRQ# &RXQW\# VKRZV# WKDW# 12[
HPLVVLRQV#DUH#H[SHFWHG#WR#EH#ORZHU#LQ#5343#DV#D#UHVXOW
RI# WKH#&$$$1# #7KLV#FKDQJH# LQ#HPLVVLRQV/#KRZHYHU/
WUDQVODWHV#WR#D#FKDQJH# LQ#DFLG#GHSRVLWLRQ#WKDW# LV#QRW
FDSWXUHG#E\#WKH#PDSV#SURYLGHG#LQ#WKLV#VHFWLRQ1##5343
3RVW0&$$$#QLWURJHQ#DQG#VXOIXU#GHSRVLWLRQ#HVWLPDWHV
IRU#WKLV#FRXQW\#DUH#5:15#DQG#:;13#NJ2KD#UHVSHFWLYHO\1
7KHVH# ILJXUHV# UHSUHVHQW# D# GHFUHDVH# LQ# QLWURJHQ
GHSRVLWLRQ# RI# 4713# NJ2KD# DQG# D# GHFUHDVH# LQ# VXOIXU
GHSRVLWLRQ#RI#718#NJ2KD#IURP#5343#3UH0&$$$#OHYHOV1
&RPSDUHG# WR# WKH# EDVH# \HDU/# WKH# 5343# 3RVW0&$$$
QLWURJHQ#GHSRVLWLRQ#HVWLPDWH#IRU#3HUVRQ#&RXQW\#LV#714
NJ2KD#ORZHU#WKDQ#4<<3#OHYHOV/#WKH#5343#3RVW0&$$$
VXOIXU#GHSRVLWLRQ#SUHGLFWLRQ/#KRZHYHU/#LV#451<#NJ2KD
KLJKHU1

8QGHU# WKH# 5343# 3RVW0&$$$# VFHQDULR# WKH# 0D\R# +ODUJH,# DQG44

5R[ERUR#+YHU\#ODUJH,#XWLOLW\#SODQWV#DUH#SUHGLFWHG#WR#HPLW#</733#DQG#63/433
WRQV#RI#12 #SHU#\HDU#UHVSHFWLYHO\1[
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Figure C-29
Annual Sulfur Deposition
1990 Base Case Scenario



0 - 5 kg/ha
5 - 10 kg/ha
10 - 15 kg/ha
15 - 20 kg/ha
20 - 100 kg/ha

The Benefits and Costs of the Clean Air Act, 1990 to 2010

C-72

Figure C-30
Annual Nitrogen Deposition
1990 Base Case Scenario
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Figure C-31
Annual Nitrogen Deposition

2000 Pre CAAA Scenario
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Figure C-32
Annual Sulfur Deposition 
2010 Post C AAA Scenario
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Figure C-33
Annual Nitrogen Deposition 

2010 Pre CAAA Scenario
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Figure C-34
Annual Nitrogen Deposition 

2010 Post C AAA Scenario
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Estimating the Effects of the
CAAA on Sulfur Dioxide, Oxides
of Nitrogen, and Carbon
Monoxide

)XWXUH0\HDU#3UH0#DQG#3RVW0&$$$#DPELHQW#62 /5
12/#12 /#DQG#&2#FRQFHQWUDWLRQV#ZHUH#HVWLPDWHG#E\5
DGMXVWLQJ# 4<<3# FRQFHQWUDWLRQV# XVLQJ# IXWXUH0\HDU# WR
EDVH0\HDU# HPLVVLRQV# UDWLRV1# # 7KH#PHWKRGRORJ\# IRU
FDOFXODWLQJ# DQG# DSSO\LQJ# WKHVH# UDWLRV# LV# GHVFULEHG
EHORZ1###7KH#UHVXOWLQJ#IXWXUH0\HDU#FRQFHQWUDWLRQ#DOVR
DUH#GLVFXVVHG#LQ#WKLV#VHFWLRQ>#KLVWRJUDPV#DUH#XVHG#WR
LOOXVWUDWH# WKH# UHODWLRQVKLS# EHWZHHQ# 3RVW0# DQG# 3UH0
&$$$#HPLVVLRQV#HVWLPDWHV1

Methodology for Estimating Future-
Year SO , NO, NO , and CO2 2

Concentrations 

7R#HVWLPDWH#IXWXUH0\HDU#62 /#12/#12 /#DQG#&25 5
FRQFHQWUDWLRQV/# DGMXVWPHQW# IDFWRUV# ZHUH# FDOFXODWHG
XVLQJ# JULG# FHOO# VSHFLILF# 5(06$'# HPLVVLRQV# GDWD
+'RXJODV# HW# DO1/# 4<<<,1# # 5(06$'*V# GRPDLQ
HQFRPSDVVHV#WKH#7;#FRQWLJXRXV#VWDWHV#DQG#LV#GLYLGHG
LQWR#7/<83#JULG#FHOOV/#HDFK#PHDVXULQJ#DSSUR[LPDWHO\#89
NP#E\#89#NP1##$V#SDUW#RI#WKH#PRGHO*V#LQSXW/#JULGGHG
HPLVVLRQ# LQYHQWRULHV# FRQWDLQLQJ# VHDVRQDO# 3UH0# DQG
3RVW0&$$$# 62 /# 12/# 12 /# DQG# &2# HPLVVLRQV5 5
HVWLPDWHV# ZHUH# SUHSDUHG1# # 7KHVH# VDPH# HPLVVLRQV
HVWLPDWHV#XVHG#DV#5(06$'# LQSXW# LQ#RWKHU#SDUWV#RI
WKLV#SURVSHFWLYH#DQDO\VLV/#ZHUH#DOVR#XVHG#WR#FDOFXODWH
62 /#12/#12 /#DQG#&2#DGMXVWPHQW#IDFWRUV1#5 5

%HIRUH#HPLVVLRQ0EDVHG#UDWLRV#+DGMXVWPHQW#IDFWRUV,
ZHUH#FDOFXODWHG/#WZR#VHSDUDWH#LQYHQWRULHV#PDLQWDLQHG
LQGLYLGXDOO\# IRU#5(06$'#PRGHOLQJ#SXUSRVHV/#RQH
FRQWDLQLQJ#HOHYDWHG#SRLQW#VRXUFH#HPLVVLRQV#GDWD#DQG
WKH# RWKHU# FRQWDLQLQJ# HPLVVLRQV# GDWD# IRU# ORZ0OHYHO
VRXUFHV/#ZHUH#FRPELQHG1##(DFK#VWDFN#FRUUHVSRQGLQJ#WR
DQ#HOHYDWHG#SRLQW#VRXUFH#ZDV#DVVLJQHG#WR#D#JULG#FHOO
EDVHG#RQ# ORFDWLRQ1# #(PLVVLRQV# IURP# HOHYDWHG#SRLQW
VRXUFHV#ZHUH#WKHQ#DGGHG#WR#WKH# ORZ0OHYHO#HPLVVLRQV
FRUUHVSRQGLQJ# WR# WKH#JULG#FHOO# LQ#ZKLFK# WKH#VWDFN# LV
ORFDWHG1# # ,Q# WKLV# PDQQHU/# D# ILOH# FRQWDLQLQJ# WRWDO

HPLVVLRQV#IRU#HDFK#JULG#FHOO#ZDV#SUHSDUHG1##7KLV#ZDV
GRQH#IRU#HDFK#VHDVRQ#IRU#WKH#4<<3#EDVH#\HDU#DQG#5333
DQG#5343#3UH0#DQG#3RVW0&$$$#VFHQDULRV1

2QFH# WKH# HPLVVLRQV# LQYHQWRU\# ZDV# SUHSDUHG/
HPLVVLRQ0EDVHG# UDWLRV# IRU#62 /#12/#12 /# DQG#&25 5
ZHUH#JHQHUDWHG1##)RU#HDFK#5$'0#JULG#FHOO/#DGMXVWPHQW
IDFWRUV#ZHUH#FDOFXODWHG#FRPSDULQJ#IXWXUH0\HDU#+5333
DQG#5343,#HPLVVLRQV#XQGHU#HDFK#SURMHFWLRQ#VFHQDULRV
WR#EDVH0\HDU#+4<<3,#HPLVVLRQV1##6HSDUDWH#VHWV#RI#UDWLRV
ZHUH#GHYHORSHG#IRU#HDFK#VHDVRQ1

)ROORZLQJ# WKH# FDOFXODWLRQ# RI# HPLVVLRQ0EDVHG
UDWLRV/#IXWXUH0\HDU#FRQFHQWUDWLRQV#ZHUH#WKHQ#HVWLPDWHG
E\#DSSO\LQJ#WKHVH#UDWLRV#WR#REVHUYHG#4<<3#EDVH0\HDU
PRQLWRU# FRQFHQWUDWLRQV1# # )RU#5(06$'# JULG# FHOOV
ZLWKRXW# 4<<3# PRQLWRU# FRQFHQWUDWLRQ# GDWD
LQWHUSRODWLRQ# ZDV# XVHG# WR# HVWLPDWH# EDVH0\HDU
FRQFHQWUDWLRQV1##$GMXVWPHQW#IDFWRUV#IRU#WKH#JULG#FHOO
ZHUH#WKHQ#DSSOLHG#WR#WKH#LQWHUSRODWHG#YDOXHV1##
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Figure C-35. Distribution of Monitor-Level Ratios of Summer 
SO  Emissions:  2010 Post-C AAA / 2010 Pre-CAAA2

 Note: 2.4 percent of the distribution of ratios is less than 0.40.

Figure C-36. Distribution of Monitor-Level Ratios of Summer 
NO Emissions:  2010 Post-C AAA / 2010 Pre-CAAA

 Note: 3.3 percent of the distribution of ratios is less than 0.40.
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Figure C-37. Distribution of Monitor-Level Ratios of Summer 
NO  Emissions:  2010 Post-C AAA / 2010 Pre-CAAA2

 Note: 2.7 percent of the distribution of ratios is less than 0.40.

Figure C-38. Distribution of Monitor-Level Ratios of Summer 
CO Emissions:  2010 Post-C AAA / 2010 Pre-CAAA

 Note: 15.7 percent of the distribution of ratios is less than 0.40.
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Emission-Based Ratios for SO , NO,2

NO , and CO2

(PLVVLRQ0EDVHG# UDWLRV#ZHUH# FDOFXODWHG# IRU# HDFK
JULG# FHOO/# UHJDUGOHVV# RI# ZKHWKHU# RU# QRW# WKH# FHOO
FRQWDLQHG#D#PRQLWRULQJ#VLWH1##7KH#ILJXUHV#LQFOXGHG#LQ
WKLV# VHFWLRQ# KRZHYHU/# UHSUHVHQW# WKH# GLVWULEXWLRQ# RI
UDWLRV# IRU# DFWXDO#PRQLWRULQJ# VLWH# ORFDWLRQV1# # 7KHVH
GLVWULEXWLRQV#UHYHDO#WKH#UHODWLRQVKLS#EHWZHHQ#IXWXUH0
\HDU#DQG#EDVH0\HDU#FRQFHQWUDWLRQV1# #$#UDWLRV#JUHDWHU
WKDW# RQH# LQGLFDWHV# DQ# LQFUHDVH# LQ# DPELHQW
FRQFHQWUDWLRQ# IURP# WKH#EDVH0\HDU/#ZKLOH#D#UDWLR# OHVV
WKDQ#RQH#LQGLFDWHV#D#GHFUHDVH1

2XU#UHVXOWV# LQGLFDWH#WKDW#FRPSDUHG#WR#WKH#EDVH0
\HDU/# IXWXUH0\HDU#FRQFHQWUDWLRQV#RI#62 /#12/#12 /5 5
DQG# &2# WHQG# WR# LQFUHDVH# XQGHU# WKH# 3UH0&$$$
VFHQDULR/#ZKLOH#3RVW0&$$$#FRQFHQWUDWLRQV#IRU#DOO#IRXU
SROOXWDQWV#H[FHSW#62 #WHQG#WR#GHFUHDVH1##)RU#H[DPSOH/5
WKH#PHGLDQ#5343#3UH0&$$$#HPLVVLRQ0EDVHG#UDWLR#IRU
62 #LV#URXJKO\#4168/#LQGLFDWLQJ#DQ#LQFUHDVH#LQ#PHGLDQ5
5343#3UH0&$$$#62 #FRQFHQWUDWLRQ#RI#DSSUR[LPDWHO\5
68#SHUFHQW# IURP# WKH# 4<<3#EDVH0\HDU1# # #7KH#PHGLDQ
UDWLRV#IRU#12/#12 /#DQG#&2#DUH#URXJKO\#4146/#414:/5
DQG#4138#UHVSHFWLYHO\1##8QGHU#WKH#3RVW0&$$$#VFHQDULR
ZH# HVWLPDWH# WKDW# LQ# 5343# 12/# 12 /# DQG# &25
FRQFHQWUDWLRQV#ZLOO#WHQG#WR#EH#DSSUR[LPDWHO\#58#DQG
63#SHUFHQW#EHORZ#EDVH0\HDU#OHYHOV1##7KH#PHGLDQ#5343
3RVW0&$$$# HPLVVLRQ0EDVHG# UDWLRV# IRU# WKHVH# WKUHH
SROOXWDQWV#DUH#URXJKO\#31:7/#31:3/#DQG#31:9#UHVSHFWLYHO\1
:H#HVWLPDWH#WKDW#62 /#FRQFHQWUDWLRQV/#KRZHYHU/#ZLOO5
LQFUHDVH# LQ# PDQ\# DUHDV# RI# WKH# 8161# # 7KH# PHGLDQ
DGMXVWPHQW# UDWLR# IRU# WKLV#SROOXWDQW# LV#DSSUR[LPDWHO\
41541#

Comparison of the Pre- and Post-
CAAA Ratios
##

&RPSDULVRQ#RI#3UH0#DQG#3RVW0&$$$#HPLVVLRQ0
EDVHG#DGMXVWPHQW#IDFWRUV#DOVR#KHOSV#LOOXVWUDWH#WKH#HIIHFW
RI# WKH# 4<<3# $PHQGPHQWV# RQ# DPELHQW# SROOXWLRQ
FRQFHQWUDWLRQV1# # 7KH# UDWLR# RI# 5343# 3RVW0&$$$
DGMXVWPHQW# IDFWRUV# WR# 5343# 3UH0&$$$# DGMXVWPHQW
IDFWRUV#VKRZV#WKH##LPSDFW#RI#WKH#4<<3#$PHQGPHQWV
RQ# DPELHQW# FRQFHQWUDWLRQV# UHODWLYH# WR# WKH# EDVHOLQH
VFHQDULR1# # 5DWLRV# OHVV# WKDQ# RQH# LQGLFDWH# WKDW# ZH

HVWLPDWH#WKDW#IXWXUH0\HDU#FRQFHQWUDWLRQV#RI#62 /#12/5
12 /# DQG# &2# DUH# ORZHU# XQGHU# WKH# 3RVW0&$$$5
VFHQDULR#WKDQ#XQGHU#WKH#3UH0&$$$#VFHQDULR1#

)LJXUHV#&068#WKURXJK#&06;#VKRZ#WKH#GLVWULEXWLRQ
RI# 5343#3RVW0&$$$# WR# 5343#3UH0&$$$# UDWLRV# IRU
VXPPHUWLPH# 62 /#12/#12 /# DQG#&2# UHVSHFWLYHO\15 5
7KHVH# ILJXUHV# LOOXVWUDWH# WKH#UHJLRQDO#YDULDWLRQ# LQ# WKH
LQIOXHQFH# RI# WKH# 4<<3# $PHQGPHQWV# RQ# DPELHQW
FRQFHQWUDWLRQV# RI# WKHVH# SROOXWDQWV1# # $OWKRXJK# ZH
HVWLPDWH# FRQFHQWUDWLRQV# LQ# VRPH# DUHDV#ZLOO# LQFUHDVH
XQGHU#WKH#3RVW0&$$$#VFHQDULR#UHODWLYH#WR#3UH0&$$$
HVWLPDWHV/#WKH#PHGLDQ#VXPPHUWLPH#5343#3RVW0#WR#3UH0
&$$$#UDWLRV#IRU#62 /#12/#12 /#DQG#&2#DUH#31<3/5 5
319:/#318;/#DQG#31:5#UHVSHFWLYHO\1##7KHVH#YDOXHV/#HDFK
OHVV#WKDQ#RQH/# LQGLFDWH#WKDW#WKH#FHQWUDO#WHQGHQF\#IRU
VXPPHUWLPH# 5343# 3RVW0&$$$# FRQFHQWUDWLRQ
HVWLPDWHV#RI#WKHVH#IRXU#SROOXWDQWV#LV#WR#EH#ORZHU#WKDQ
5343#3UH0&$$$#HVWLPDWHV1

7DEOH# &047# GLVSOD\V# WKH#PHGLDQ# YDOXHV# RI# WKH
GLVWULEXWLRQ# RI# 3RVW0# WR# 3UH0&$$$# UDWLRV# IRU# WKH
VXPPHU#PRQWKV#GHVFULEHG#DERYH#DQG#WKH#UHPDLQLQJ
WKUHH# VHDVRQV1# # -XVW# DV# IRU# WKH# VXPPHU># VSULQJ/
DXWXPQ/#DQG#ZLQWHU#PHGLDQ#YDOXHV#DUH#OHVV#WKDQ#RQH1
$YHUDJHG#RYHU#DOO#IRXU#VHDVRQV/#ZH#HVWLPDWH#D#PHGLDQ
UHGXFWLRQ#LQ##62 /#12/#12 /#DQG#&2#FRQFHQWUDWLRQV5 5
RI# DSSUR[LPDWHO\# </# 66/# 73/# DQG# 58# SHUFHQW
UHVSHFWLYHO\1##5$&7#UHTXLUHPHQWV/#WDLOSLSH#HPLVVLRQV
VWDQGDUGV/#DQG#12 #HPLVVLRQV#WUDGLQJ#DFFRXQW#IRU#WKH[
EXON#RI#WKH#UHGXFWLRQ#LQ#12#DQG#12 #FRQFHQWUDWLRQV15
7LWOH#,#QRQDWWDLQPHQW#DUHD#FRQWUROV#DQG#7LWOH#,,#PRWRU
YHKLFOH#SURYLVLRQV# DUH# UHVSRQVLEOH# IRU#PXFK#RI# WKH
FKDQJH# LQ# &2# FRQFHQWUDWLRQV/# ZKLOH# UHJXODWLRQ# RI
XWLOLW\# DQG# PRWRU# YHKLFOH# HPLVVLRQV# DFFRXQW# IRU
PDMRULW\#RI#WKH#GHFUHDVH#LQ#62 #FRQFHQWUDWLRQV1#5
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Table C-14
Median Values of the Distribution of Ratios of 2010 Post-C AAA/Pre-CAAA
Adjustment Factors

SO NO NO CO2 2

Spring 0.904 0.669 0.598 0.790
Summer 0.892 0.666 0.575 0.720
Autumn 0.916 0.677 0.614 0.756
Winter 0.924 0.686 0.626 0.692

Table C-15
Background Concentrations used to Prepare the SO , NO, NO , and CO Profiles2 2

Pollutant Background Concentration

SO 02

NO 0

NO 02

CO 0.2 ppm

Attributes and Limitations of the
Modeling Analysis Methodology

7KH#6HFWLRQ# ;45#SURVSHFWLYH#PRGHOLQJ# DQDO\VLV
XWLOL]HG#D#VHW#RI#PRGHOLQJ#WRROV#DQG# LQSXW#GDWDEDVHV
WKDW#IRU#WKH#PRVW#SDUW#KDG#EHHQ#GHYHORSHG/#WHVWHG/#DQG
HYDOXDWHG#DV#SDUW#RWKHU#PRGHOLQJ#VWXGLHV#+H1J1/#27$*/
6,3#PRGHOLQJ#DQDO\VHV/#HWF1,1# #7KLV#SURYLGHG#D#FRVW0
HIIHFWLYH# PHDQV# RI# FRQGXFWLQJ# D# QDWLRQDO0VFDOH
PRGHOLQJ#H[HUFLVH1##7KH#PRGHOV#XVHG#IRU#WKH#VWXG\#DUH
DPRQJ#WKH#PRVW#ZLGHO\#XVHG#DQG#HYDOXDWHG#WRROV#IRU
R]RQH# DQG# 30#PRGHOLQJ/# DQG# KDYH# EHHQ# XVHG# IRU
SUHYLRXV#UHJXODWRU\#DSSOLFDWLRQV1##7KH#PRGHOLQJ#ZDV
SHUIRUPHG# LQ# PDQQHU# WKDW# LV# FRQVLVWHQW# ZLWK
HVWDEOLVKHG#SUDFWLFH#DQG#(3$#JXLGHOLQHV#UHJDUGLQJ#DLU
TXDOLW\#PRGHO#DSSOLFDWLRQV1

$OWKRXJK#DSSURSULDWH# WHFKQLTXHV#ZHUH#XVHG# IRU
WKH# DQDO\VLV# RI# HDFK# SROOXWDQW/# XVH# RI# VHSDUDWH
PRGHOV2WHFKQLTXHV#IRU#WKH#DQDO\VLV#RI#R]RQH/#30/#DQG
WKH# RWKHU# FULWHULD# SROOXWDQWV# GRHV# QRW# DOORZ# D# IXOO\
LQWHJUDWHG# DQDO\VLV# RI# WKH# HIIHFWV# RI# HDFK1
&RQVHTXHQWO\/#WKH#UHVXOWV#GR#QRW#UHIOHFW#DOO#SRWHQWLDO
LQWHUDFWLRQV#EHWZHHQ#SROOXWDQWV#+H1J1/#R]RQH#DQG#30,1
2QJRLQJ# UHVHDUFK# LQYROYLQJ# WKH# GHYHORSPHQW# DQG

WHVWLQJ# RI# LQWHJUDWHG#PRGHOLQJ# WRROV# +E\#(3$# DQG
RWKHU#RUJDQL]DWLRQV,#PD\#SURYLGH#WKH#RSSRUWXQLW\#IRU
IXOO\# LQWHJUDWHG# IXWXUH# 6HFWLRQ# ;45# SURVSHFWLYH
PRGHOLQJ#HIIRUWV1

$QDO\VLV#RI#WKH#HIIHFWV#RQ#WKH#QDWLRQDO#VFDOH#+WKH
&$$$#DSSOLHV#WR#WKH#HQWLUH#QDWLRQ,#UHTXLUHG#WKH#XVH#RI
VHYHUDO#GLIIHUHQW#GRPDLQV#ZLWK#YDU\LQJ#JULG#UHVROXWLRQ
DV#ZHOO#DV#WKH#XVH#RI#UHODWLYHO\#FRDUVH#UHVROXWLRQ#IRU
PDQ\#DUHDV#RI#WKH#FRXQWU\#IRU#WKH#JULG0EDVHG#PRGHOLQJ
HIIRUW1##7KH#XVH#RI#UHODWLYHO\#FRDUVH#JULG#UHVROXWLRQ#+45
NP#DQG#JUHDWHU,#LV#D#SRWHQWLDOO\#LPSRUWDQW#VRXUFH#RI
XQFHUWDLQW\# ZLWK# UHVSHFW# WR# WKH# PRGHOLQJ# UHVXOWV1
3UHYLRXV#VWXGLHV#KDYH#IRXQG#WKDW#WKH#UHVSRQVH#RI#WKH
8$009#PRGHOLQJ#V\VWHP#WR#HPLVVLRQ#UHGXFWLRQV# LV
DIIHFWHG# E\# JULG# UHVROXWLRQ# +'RXJODV# HW# DO1/# 4<<9,1
7KXV/#WKH#XVH#RI#JULG0FHOO#VSHFLILF#DGMXVWPHQW#IDFWRUV
WR# PRGLI\# VLWH0VSHFLILF# GDWD# PD\# LQWURGXFH# VRPH
XQFHUWDLQW\#LQWR#WKH#IXWXUH0\HDU#HVWLPDWHV1

7KHUH#DUH#DOZD\V#XQFHUWDLQWLHV#DVVRFLDWHG#ZLWK#WKH
XVH# RI#PRGHOLQJ# UHVXOWV# WR# HVWLPDWH# IXWXUH0\HDU# DLU
TXDOLW\1##7KHVH#GHULYH#IURP#LQDFFXUDFLHV#LQ#WKH#PRGHO
LQSXWV# DQG2RU# PRGHO# IRUPXODWLRQ# DQG# ZHUH
PDQLIHVWHG# LQ#WKLV#VWXG\# LQ#WKH#HYDOXDWLRQ#RI#PRGHO
SHUIRUPDQFH1# #:KLOH#JRRG#PRGHO#SHUIRUPDQFH#ZDV
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DFKLHYHG# IRU# PRVW# PRGHO# DSSOLFDWLRQV/# R]RQH WKH# EHQHILWV# RI# WKH# VLPXODWHG# FRQWURO# PHDVXUHV/
FRQFHQWUDWLRQV#ZHUH#XQGHUHVWLPDWHG#ZLWKLQ# WKH#/RV GHSHQGLQJ#XSRQ#ZKHWKHU#WKH#VLPXODWLRQ#UHVXOWV#IRU#WKH
$QJHOHV# GRPDLQ# DQG# 30# FRQFHQWUDWLRQV# ZHUH PRGHOHG# GD\V# DUH# VXIILFLHQWO\# UHSUHVHQWDWLYH# RI# WKH
XQGHUHVWLPDWHG#GXULQJ#WKH#IDOO#DQG#ZLQWHU#VLPXODWLRQ PHWHRURORJLFDO#DQG#DLU#TXDOLW\#FRQGLWLRQV#WKDW#RFFXUUHG
SHULRGV#LQ#WKH#5(06$'#DSSOLFDWLRQ1##5$'02530/ GXULQJ#4<<31
XVHG#DV#SDUW#RI#WKH#30#DQG#YLVLELOLW\#DQDO\VHV/#VKRZHG
D# WHQGHQF\# WR# RYHUHVWLPDWH# DQQXDO# DYHUDJH# VXOIDWH
FRQFHQWUDWLRQV# DQG# ZDUP# VHDVRQ# QLWUDWH
FRQFHQWUDWLRQV1# #$QQXDO# DYHUDJH#QLWUDWH#SUHGLFWLRQV
JHQHUDWHG# E\# 5$'02530/# KRZHYHU/#PDWFKHG# DLU
TXDOLW\#PRQLWRU#GDWD1

7KH# DFLG# GHSRVLWLRQ# HVWLPDWHV# LQFOXGHG# LQ# WKH R]RQH# DQG# 30/# UHVSHFWLYHO\,1# # 7KH# VSHFLILF
SUHVHQW#DQDO\VLV#DUH#OLPLWHG#WR#WKH#HDVWHUQ#VWDWHV#ZLWKLQ DVVXPSWLRQV# HPSOR\HG# LQ# WKH# DSSOLFDWLRQ# RI# WKH
WKH#5$'0#GRPDLQ1##'HSRVLWLRQ#LQ#WKH#ZHVWHUQ#8161 PHWKRGRORJ\/#KRZHYHU/#PD\#DIIHFW# WKH# UHVXOWLQJ#DLU
ZDV# QRW# PRGHOHG# IRU# WKLV# VWXG\1# # $OWKRXJK# DFLG TXDOLW\#SURILOHV#DQG#VKRXOG#EH#FDUHIXOO\#FRQVLGHUHG#LQ
GHSRVLWLRQ#LV#D#SUREOHP#SULPDULO\#IRU#WKH#HDVWHUQ#8161/ WKH#VXEVHTXHQW#XVH#DQG#LQWHUSUHWDWLRQ#RI#WKH#UHVXOWV1
GHSRVLWLRQ#GRHV#RFFXU# LQ#VWDWHV#ZHVW#RI# WKH#5$'0
GRPDLQ1##7KH#PDJQLWXGH#RI#WKH#EHQHILWV#RI#UHGXFLQJ
DFLG#GHSRVLWLRQ#LQ#WKHVH#ZHVWHUQ#VWDWHV#LV#OLNHO\#WR#EH
VPDOO/# KRZHYHU/# UHODWLYH# WR# WKH# RYHUDOO# EHQHILWV
DVVRFLDWHG#ZLWK#WKH#&OHDQ#$LU#$FW#$PHQGPHQWV1
##

7KH#DSSURDFK#XVHG#LQ#WKLV#VWXG\#WR#HVWLPDWH#IXWXUH
DLU#TXDOLW\# +WKH#FRPELQHG#XVH#RI#REVHUYHG#GDWD#DQG
PRGHOLQJ#UHVXOWV,#PD\/#FRPSDUHG#WR#D#PRUH#VWDQGDUG
DLU#TXDOLW\#PRGHO#DSSOLFDWLRQ#+H1J1/#D#PRGHO#DSSOLFDWLRQ
IRU# DWWDLQPHQW# GHPRQVWUDWLRQ# SXUSRVHV,/# WHQG# WR
PLQLPL]H# WKH# HIIHFWV# RI#PDQ\# RI# WKH# XQFHUWDLQWLHV
PHQWLRQHG#LQ#WKLV#VHFWLRQ1##7KH#UHDVRQ#IRU#WKLV#LV#WKDW
WKH#PRGHOLQJ#UHVXOWV#DUH#XVHG#LQ#D#UHODWLYH#VHQVH/#UDWKHU
WKDQ# DQ# DEVROXWH# VHQVH1# # 7KLV# PD\# HQKDQFH# WKH
UHOLDELOLW\#RI#WKH#IXWXUH0\HDU#FRQFHQWUDWLRQ#HVWLPDWHV/
HVSHFLDOO\#LQ#WKH#HYHQW#WKDW#WKH#XQFHUWDLQW\#LQKHUHQW#LQ
WKH#DEVROXWH#FRQFHQWUDWLRQ#YDOXHV#LV#JUHDWHU#WKDQ#WKDW
DVVRFLDWHG#ZLWK#WKH#UHVSRQVH#RI#WKH#PRGHOLQJ#V\VWHP
WR#FKDQJHV#LQ#HPLVVLRQV1

7KH# UDWLRV# IRU# DGMXVWLQJ# WKH# REVHUYHG# GDWD# DUH
FDOFXODWHG#XVLQJ#PRGHOLQJ#UHVXOWV#IRU#D#OLPLWHG#QXPEHU
RI# VLPXODWLRQ# GD\V# DQG# LW# LV# DVVXPHG/# XVLQJ# WKLV
PHWKRGRORJ\/#WKDW#WKH#UDWLRV#FDQ#EH#XVHG#WR#UHSUHVHQW
ORQJHU# WLPH# SHULRGV1# # 7KLV# DSSURDFK# SHUPLWV# WKH
HVWLPDWLRQ# RI# VHDVRQDO# DQG# DQQXDO# FRQFHQWUDWLRQ
GLVWULEXWLRQV1# #1HYHUWKHOHVV/# WKH# XVH#RI# WKH#PRGHO0
EDVHG#UDWLRV#LQ#DGMXVWLQJ#GDWD#IRU##DQ#HQWLUH#VHDVRQ#RU
\HDU#PD\#UHVXOW#LQ#VRPH#RYHU0#RU#XQGHUHVWLPDWLRQ#RI

)LQDOO\/# WKHUH# DUH#QXPHURXV#ZD\V# LQ#ZKLFK# WKH
DGMXVWPHQW# IDFWRUV#FRXOG#EH#FDOFXODWHG#DQG#DSSOLHG1
7KH#DSSURDFK#XVHG#LQ#WKLV#VWXG\#ZDV#GHVLJQHG#WR#PDNH
WKH#EHVW#XVH#RI# WKH# LQIRUPDWLRQ# DQG# OHYHO#RI#GHWDLO
SUHVHQW# LQ#ERWK# WKH#REVHUYDWLRQV#DQG# WKH#PRGHOLQJ
UHVXOWV#+H1J1/#XVH#RI#GHFLOH#DQG#TXLQWLOH#EDVHG#UDWLRV#IRU

Conclusions and
Recommendations for Further
Research

7KH# UHVXOWV# IURP# WKH# DLU# TXDOLW\# PRGHOLQJ
FRPSRQHQW#RI# WKH#6HFWLRQ# ;45#SURVSHFWLYH#DQDO\VLV
LQGLFDWH#WKDW#IRU#ERWK#IXWXUH#\HDUV#+5333#DQG#5343,/
WKH#PHDVXUHV#DQG#SURJUDPV#DVVRFLDWHG#ZLWK#WKH#&$$$
DUH# H[SHFWHG# WR# UHVXOW# LQ# ORZHU# FRQFHQWUDWLRQV# RI
R]RQH/#30/#DQG#WKH#RWKHU#FULWHULD#SROOXWDQWV#FRPSDUHG
WR#D#IXWXUH0\HDU#VFHQDULR#ZLWKRXW#VXFK#SURJUDPV1##7KH
GHJUHH#RI#LPSURYHPHQW#LQ#DLU#TXDOLW\#YDULHV#DPRQJ#WKH
FULWHULD# SROOXWDQWV# DQG# WKH# YDULRXV# SRUWLRQV# RI# WKH
FRXQWU\#LQFOXGHG#LQ#WKH#PRGHOLQJ#DQDO\VLV1##7KH#UHVXOWV
DOVR#GLIIHU#EHWZHHQ#WKH#WZR#IXWXUH#\HDUV/#VXFK#WKDW#WKH
LPSURYHPHQWV#DUH#JUHDWHU#DQG#PRUH#ZLGHVSUHDG#IRU
53431

7KH#PRGHOLQJ#DQDO\VLV#UHOLHG#RQ#D#VHW#RI#PRGHOLQJ
WRROV#DQG#LQSXW#GDWDEDVHV#WKDW#+IRU#WKH#PRVW#SDUW,#KDG
EHHQ#GHYHORSHG/#WHVWHG/#DQG#HYDOXDWHG#DV#SDUW#RWKHU
PRGHOLQJ#VWXGLHV1##,W#DOVR#PDGH#XVH#RI#VHYHUDO#RI#WKH
PRVW#ZLGHO\#XVHG#DQG#FRPSUHKHQVLYHO\#WHVWHG#WRROV
IRU# R]RQH# DQG# 30# PRGHOLQJ1# 7KH# PRGHOLQJ# ZDV
SHUIRUPHG# LQ# D# PDQQHU# WKDW# LV# FRQVLVWHQW# ZLWK
HVWDEOLVKHG#SUDFWLFH#DQG#(3$#JXLGHOLQHV#UHJDUGLQJ#DLU
TXDOLW\#PRGHO#DSSOLFDWLRQV1##+RZHYHU/#DV#QRWHG#LQ#WKH
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SUHYLRXV# VHFWLRQ# RI# WKLV# UHSRUW/# WKHUH# DUH# VHYHUDO
IHDWXUHV# RI# WKH# PRGHOLQJ# DQDO\VLV# WKDW# FRXOG# EH
LPSURYHG#XSRQ/#HVSHFLDOO\#FRQVLGHULQJ#UHFHQW#DGYDQFHV
LQ#WKH#GHYHORSPHQW#RI#LQWHJUDWHG#PRGHOLQJ#WRROV#DQG
WHFKQLTXHV1##5HFRPPHQGDWLRQV#IRU#IXWXUH#DLU#TXDOLW\
PRGHOLQJ# HIIRUWV# WR# VXSSRUW# WKH# 6HFWLRQ# ;45
SURVSHFWLYH#DQDO\VHV#LQFOXGH=

ü 6HOHFWLRQ#RI#PRGHOLQJ#HSLVRGH#SHULRGV#XVLQJ
DQ# LQWHJUDWHG# HSLVRGH# VHOHFWLRQ# SURFHGXUH
+H1J1/#'HXHO#DQG#'RXJODV/#4<<;,#VXFK#WKDW#WKH
PRGHOLQJ#SHULRGV# DUH# UHSUHVHQWDWLYH#RI# WKH
KLVWRULFDO# PHWHRURORJLFDO# DQG# DLU# TXDOLW\
FRQGLWLRQV# DQG# FDQ# EH# XVHG# WR# UHSUHVHQW
VHDVRQDO#DQG#DQQXDO#R]RQH/#30/#DQG#YLVLELOLW\
PHWULFV

ü 5HFRQILJXUDWLRQ#RI#WKH#PRGHOLQJ#GRPDLQ+V,
VXFK#WKDW#D#FRQVLVWHQW#XVH#RI#KLJK0UHVROXWLRQ
JULGV# RYHU# XUEDQ# DUHDV# ZLWK# FRPSOH[
PHWHRURORJLFDO# RU# HPLVVLRQV0EDVHG# IHDWXUHV
DUH#DFFRPPRGDWHG1

ü 5HYLHZ# DQG# XSGDWH# RI# WKH# LQSXW# GDWD# DQG
LQSXW#SUHSDUDWLRQ#WHFKQLTXHV#WR#LQFOXGH/#IRU
H[DPSOH/# XSGDWHG# +PRUH# UHFHQW,# HPLVVLRQV
HVWLPDWHV# +DQWKURSRJHQLF# DQG# ELRJHQLF,/
KLJKHU0UHVROXWLRQ# PHWHRURORJLFDO# LQSXWV/
HQKDQFHG# HVWLPDWHV# RI# IXWXUH# ODQG0XVH
SDWWHUQV# +UHIOHFWLQJ# JURZWK# RI# XUEDQ# DUHDV/
FKDQJHV# LQ# WKH# LQWHUVWDWH# WUDQVSRUWDWLRQ
QHWZRUNV/#HWF1,1

ü 8VH#RI#DQ# LQWHJUDWHG#PRGHOLQJ# WRRO# IRU# WKH
VLPXOWDQHRXV# DQDO\VLV# RI# WKH# HIIHFWV# RI
HPLVVLRQV#FKDQJHV#RQ#R]RQH/#30/#DQG#RWKHU
SROOXWDQWV# +VHYHUDO# WRROV/# LQFOXGLQJ
02'(/606#DQG#8$00930/#DUH#FXUUHQWO\
XQGHUJRLQJ# GHYHORSPHQW# DQG# WHVWLQJ,1# # $
FRPSUHKHQVLYH# HYDOXDWLRQ# RI# PRGHO
SHUIRUPDQFH#ZLOO#EH#UHTXLUHG1

ü &RQWLQXHG# UHYLHZ# DQG# HQKDQFHPHQW# +DV
DSSURSULDWH,# RI# WKH# PHWKRGRORJ\# IRU# WKH
FRPELQHG#XVH#RI#REVHUYHG#GDWD#DQG#PRGHOLQJ
UHVXOWV1
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